In this work, a total of 135 personal care product samples that belong to seven different classes (Creams for face, body, and hands, Dried powder for face, Body lotion, Skin whitening creams, Sunscreens, Dead Sea black mud cosmetics, Lipsticks, and Eye shadows) were analyzed for their contents of 11 elements (Fe, Mn, Co, Cu, Cr, Ni, Zn, Se, Sr, Ba and Bi). The analysis has been conducted using ICP-AEOS following combinations of acid digestion. The mean concentrations of these elements in ppm (µg g -1 ) were found to be in the following order: Fe However, exposure over long periods might cause accumulation of the elements in the body and even at low concentration some metals could initiate allergic reactions. Among the known allergenic metals (Cu, Cr, Ni, and Co) Cu was detected in all the analyzed samples (100%) and
Introduction
In the United States of America the Food and Drug Administration (FDA) defines cosmetic products as "articles intended to be rubbed, poured, sprinkled, or sprayed on, introduced into, or otherwise applied to the human body ... for cleansing, beautifying, promoting attractiveness, or altering the appearance". [1] The FDA specifically excludes soap from this category. In fact, the term "personal care products" is used to refer to cosmetic products in some parts of the world. In this work, the two terms are used interchangeably to refer to the same meaning.
Cosmetics have been used by humanity for thousands of years [2] . Some of the traditional cosmetics such as Henna and Kohl are still in use today in wide parts of the world. Newer brands of personal care products are being manufactured from natural products as well as synthetic chemicals. These products serve different purposes ranging from hair dyes such as Henna, eye shadows, lipsticks, to whitening creams, sunscreens, and moisturizing creams, among others. [2] Active materials of personal care products depend on the specific application of these products. Some of the components of the cosmetics are inadvertent, in that they are not meant to be used, such as some toxic metals and other elements, which are present as a result of the manufacturing process. On the other hand, some harmful components are intentionally added such as inorganic mercury compounds in whitening creams [3] .
Only a few elements are considered essential for humans [4] . Even these elements become toxic if a certain concentration is exceeded. Other metals are in general toxic to varying degrees. Some of them are particularly dangerous, either because of their ubiquitous presence or their high toxicity. Examples of this class are mercury, lead, cadmium, arsenic, and antimony. This class of elements has been studied extensively by many groups [3, 5, 6, 7] . The essential elements have been less studied, since they are less toxic. Their presence in cosmetics has been studied scarcely except for the ones of known health concerns such as chromium, copper, and cobalt [3] .
Various methods have been used to study the composition of heavy metals in cosmetics such as flame atomic absorption spectroscopy (AAS) [8] , inductively coupled plasma mass spectrometry (ICP-MS) [9, 10, 11] , and atomic emission spectroscopy (AES) [12] , following the wet-digestion by acids, the classical method of sample preparation, or more recent methods such as microwave digestion.
In the current study the composition of various essential elements plus a few other less studied elements in cosmetics sold in the Jordanian market were analyzed by inductively coupled plasma-atomic emission spectroscopy (ICP-AES) following combinations of acids digestion. The composition of the analyzed elements was also compared to the results of other studies as well as to limits set by health agencies in order to evaluate the level of safety of cosmetics used in the Jordanian market. To the best of our knowledge, this is the first study on the levels of allergenic elements in personal care products available in the Jordanian market.
Materials and Methods

Samples, reagents and materials
During the years 2009-2011, one hundred and thirty five samples of 7 classes of the most popular brands of personal care products were purchased from different supermarkets in Jordan. Samples were transported to the laboratory and then 3-small portions (about 1g) of each sample were accurately weighed for digestion and elemental analysis. All glassware used in the present study were previously soaked in 10% (v/v) Upper allowed limits in cosmetics have not been established for these elements due to their low toxicity. Despite this, long-term exposure to these elements from cosmetics and other sources such as drinking water, food, air and occupational exposure might lead to accumulation of these elements to levels were they might cause some health problems. For this reason, we used upper allowed limits established by various health agencies for the daily intake for these elements as an approximation. By considering the application of 2-5 grams of the body creams or lotions, sunscreens or skin whitening creams, and by the assumption of total absorption and penetration of metals through the skin, the calculated amount of metal absorbed through this route is used for the comparison with the upper allowed limits. A daily application of less than one gram was assumed for dried powder for face. In the cases of eye-shadows and lipsticks, lower amounts are usually applied. However, oral ingestion is highly possible when using lipsticks.
Fe and Mn
Iron and manganese are two essential elements since they are involved in many biological processes. They constitute an integral part of the active sites of so many proteins and enzymes. Fe is particularly important in O 2 transport and storage, electron transport, hydrogenases, and many redox active enzymes [4] . Manganese is present in some superoxide dismutases as well as some catalases [4] . The toxicity of these two metals is relatively low. Mn is associated with some neurological disorders such as anger, aggression, inability to inhibit inappropriate responding, and criminality [13] .
Iron was detected in more than 99% of all the analyzed samples with a mean As shown in table 3, Fe levels in all cosmetic types are generally lower than the upper intake levels (UL), recommended by the National Academy of Sciences (NAS) of the U.S.A. [14] . However, only the Dead Sea black mud products and two dried powder samples have Fe content around the UL, but they still do not reach the toxic levels of Fe [15] . Mn was lower than the UL limits in all samples [15] . No toxic level has been established for manganese. 
Co, Cu, Cr, Ni
All four transition metals are essential to humans, even though there is still some debate surrounding chromium. The only known biological function for cobalt is in vitamin B 12 , which is essential for various rearrangement and methylation reactions [16, 17] . On the other hand, copper is essential for many processes including electron transfer (azurin and plastocyanin), oxygen atom transfer (e.g. oxygenases), and respiration (cytochrome c oxidase) [4] . Ni is essential for the function of acetyl coenzyme synthase, urease, and many hydrogenases [4] . Finally, it is believed that chromium is important for insulin function and glucose regulation [14] .
Despite their importance to humans as well as other organisms, these metals pose a few health issues, the most common of which is allergy. Cu is considered a weak allergen, but the other three metals are well known for their allergenic effects especially Ni, which was named allergen of the year in 2008 by the American Contact Dermatitis Society (ACDS) [18] . The four metals were also suggested to play a role in breast cancer [19] .
Co was found in 16% of all the analyzed samples. It was found in very small amounts only in a few cosmetics, the most significant of which is the Dead Sea black mud products (4.28 ppm), where it was detected in 100% of the samples. It was also found in 25% of both eye-shadows (0.0300 ppm) and sunscreens (0.350 ppm). The mean concentration of Co in all the analyzed samples was 0.520 ppm with a range of <DL to 11.7 ppm.
Copper was detected in 100% of the analyzed samples except the skin whitening creams, where all the samples were less than DL. The level of Cu was below UL set by NAS except for one Black mud sample which was around the UL [14] . Cr also is below the UL suggested by the WHO [20] . On the other hand, the Black mud cosmetics, three dried powder samples, and one sunscreen sample all have Co content higher than the upper tolerable limit but they are still far below the toxic level suggested for Co [15] . Finally, Ni was well below the UL limit used by the NAS [14] .
Of the 135 samples tested, 14.1% contained all four metals or just the three strong allergens: Co, Cr, and Ni. 14.8% contained both Co and Cr, which are known to work synergistically to cause allergy [21] . On the other hand, a high percentage of the samples, 71.1%, contained both Cu and Ni. Cu is suspected to enhance the allergic reaction to Ni. Finally, 16.3% of the samples contained both Co and Ni, and 35.6%
contained both Cr and Ni.
Zn, Se
Zinc is one of the most important essential elements to human beings [4] . Zn plays essential roles in many enzymes including carbonic anhydrase and a group of proteases such as carboxypeptidase A. In addition, it plays an important structural role in many proteins as it does in the regulation of the transfer of genetic information through zinc finger proteins. Selenium is an antioxidant and a constituent of glutathione peroxidase. In addition, it is thought to play a role in the protection against heavy metal poisoning [22] . Selenium and zinc used in antidandruff shampoo were shown to cause allergic contact dermatitis [23] and high levels of exposure over time can cause brittle hair and nails, as well as neurological abnormalities. Zinc also could cause gastrointestinal disorders and convulsions [24] .
Zinc was detected in 66% of the analyzed samples, with a mean value of 4.92×10 3 ppm and a range of <DL to 1.12×10 5 ppm. It was found in significant amounts in all products, with the lowest being in lipsticks (16.2 ppm) and creams for face, body, and hands (17.3 ppm). The highest amounts were in dried powder for face and dried powder for face (7.40 ppm) had significant amounts.
Five dried powder samples have a relatively high Zn level, but it is still not high enough to be considered toxic [25] . Only one body lotion sample reaches the toxic level of Zn. Se levels are far below the upper allowed limits [14] .
Sr, Ba, Bi
None of these metals plays any essential biological roles, although strontium has been used to treat patients suffering from osteoporosis [26] . Ordinary Sr salts are not harmful when placed on the skin. It is absorbed if calcium is deficient. It accumulates on bones and weakens them [27] . Symptoms of Ba toxicity include nausea, abdominal pain, diarrhea, headache, dyspnea, cardiac arrhythmia, and agitation [28] . Bismuth resembles lead and mercury in forming nuclear inclusion bodies in renal cells and, in common with gold and Hg, can cause development of a nephrotic syndrome [29] .
Sr was found in 37% of all samples with a mean value of 103 ppm. It was highest in Dead Sea black mud products (3.75×10 3 ppm) then dried powder for face (69.5 ppm) and sunscreens (25.5 ppm). Sr was found in all Dead Sea black mud products and eye shadows. It was also found in 73.3% of dried powder samples.
However, it was not detected in lipsticks and skin whitening creams.
Ba was found in 29.6% of all samples with a mean of 227 ppm. Ba was highest in Dead Sea black mud products (1.07×10
Bi was found in 90% of all the analyzed samples with a mean value of 88.5 ppm and ranged from <DL to 4.54×10 3 ppm. Bi was present in significant amounts in all cosmetics analyzed. The highest concentrations were found in body lotions (252) and skin whitening creams (154). The lowest were found in eye shadows (15.6) and sunscreens (17.3).
Sr levels [30] as well as Ba levels [31] are below UL except that the black mud cosmetics have Sr content around the UL. The safety of Bi level cannot be judged so easily since no reliable data are available, except for blood concentration levels [32] .
Based on this report, it can be seen that one body lotion and one skin whitening cream have high Bi contents.
Comparisons to Other Studies
The results of cosmetics' analysis by other groups are shown in Interestingly, the Dead Sea black mud content of both Cu and Ni is higher than that of the other study of cosmetics in Jordan [11] .
Most of the cosmetics have higher Fe content than other studies. Only two studies in Italy [6] and Saudi Arabia [10] have higher content of Fe. Also, aside from the same Saudi study the Zn content in our study was also higher than that of the others.
Finally, in our study Mn was found in high concentrations compared to other studies both in Dead Sea black mud products and eye shadows.
Conclusions
Although the elements studied here do not cause major health problems like some other metals that received much attention such as Pb, Hg, and Cd, they merit more attention since they cause some problems when present in high enough concentrations, especially the allergic metals Co, Cr, and Ni. Also, the ubiquitous presence of these metals and their use in so many aspects of our lives, dictates more careful control of their use.
The cosmetics currently in use in the Jordanian market were found to be safe with respect to their contents of allergenic metals with very few exceptions, which have relatively high levels of some allergic metals. 
